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The occurrence of single-domain magnetite in
ALH84001 is one piece of evidence advanced for the
possible former existence of life on Mars [1]. This
magnetite has been compared to the biogenic mag-
netite synthesized intracellularly by magnetotactic
bacteria [2,3]. However, Bradley et al. [4] observed
structural defects in the ALH84001 magnetite that
they report are not encountered in magnetosomes.

Twinning as well as elongated morphologies have
been reported in magnetosomes [2,5]. In order to
clarify if any microstructures are characteristic of
biogenic magnetite, we used high-resolution trans-
mission electron microscopy  (HRTEM) to investi-
gate magnetosomes from five cultivated strains of
magnetotactic bacteria, one of which had not previ-
ously been studied. The particle sizes, morphologies,
and frequency of twins appears to be mostly species-
specific.

Twinning appears to be a common defect in mag-
netosomes from some species (e.g., Magnetospirillum
magnetotacticum and strain MV-4). Electron diffrac-
tion and HRTEM images (Fig. 1) unambiguously
showed the twin relation to be according to the com-
mon "spinel" twin law (rotation of 180° around
[111]). An unusual feature is that the twin boundary is
not limited to a straight (111) plane as would be ex-
pected, but can be highly irregular (Fig. 1a). These
intergrown crystals in twin orientation suggest that
the individuals may have nucleated independently
within a single magnetosome membrane. We also
found magnetosomes displaying multiple "spinel law"
twins with three individuals (fig. 1b).

Magnetite from magnetotactic bacteria can con-
tain defects. We note that twinning does not preclude
the magnetosomes from being single magnetic do-
mains since the common [111] axis of the spinel-law
is also the easy axis of magnetization. More work will
be needed to determine if the defects are limited to
twinning and if the irregular twin boundaries are
characteristic markers of magnetites from magneto-
tactic bacteria.
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Fig. 1: Twinned magnetosomes from M. magneto-
tacticum a) High-resolution micrograph along the
[110] zone axis. The irregular twin boundary induces
the moiré effect. b) Low-magnification image (insert)
and diffraction pattern from a multiply-twinned mag-
netosome.


